G astrointestinal infections are the most common diseases among resort guests (1) . The role of drinking water in transmission, which involves mostly leakage from non-drinking-water or sewage systems or cross-connection between water supply and wastewater systems (2-4), has been well documented in the literature.
Several episodes of acute gastroenteritis had been observed in coastal holiday resorts of central Italy before 2003. Our study's aim was to identify and eliminate the source of infection. The investigation was conducted from June to September 2003 at a resort where the greatest number of cases had been observed. We describe the epidemics, the activities to trace the sources of infection, and the results achieved.
The Study
We conducted a survey at an Italian holiday resort that had a history of gastroenteritis epidemics. The resort can accommodate 4,080 persons and is organized into 2 different areas: 1 for cabins and 1 for campers or tents. Bathrooms, showers, laundry facilities, and a sports center with swimming pools are provided ( Figure 1 ). The last stretch of a small river (the Salinello River) runs on one side of the village.
Our study included an epidemiologic survey (tracing the infection sources of the outbreak) and an environmental survey to check the hypothesized origin of infection. The epidemiologic investigation was a matched case-control study; a case-patient was defi ned as any person at the resort who reported at least 3 episodes of diarrhea or vomiting within a 24-hour period (5 (8, 9) , and rotavirus (10, 11) . For confi rmation of norovirus and strain genotyping, samples were further assayed by open reading frame 1 reverse transcription-PCR (RT-PCR) by using biotin-labeled JV12 ad JV13 primers and reverse line blot hybridization (RLBH) (12) .
We determined that a gastroenteritis epidemic occurred from July 1, 2003, to September 4, 2003 ( Figure  2 ). Overall, 183 case-patients were identifi ed (169 guests and 14 resort employees); 123 (67%) belonged to 2-4 casefamily clusters. Approximately two thirds of case-patients had symptoms within 6 days of arrival. We selected and interviewed 181 controls (128 guests and 53 resort employees) for the study.
Sea bathing, use of cabin and shared toilets, and showers supplied with non-drinking water were signifi cantly associated with the disease, as shown in Table 1 . Stool samples were collected from 19 patients from July 15, 2003, through September 4, 2003 , mainly at the beginning of the epidemic. Of these, 13 samples (68%) were positive for norovirus (2 by PCR, 6 by ELISA, and 5 by using both techniques). After the identifi cation of norovirus as the putative agent, the physician involved discontinued active sample collection. Although the low amount of DNA amplifi ed did not allow strain characterization by sequencing, norovirus was confi rmed in 9 samples by RLBH with specifi c probes and genotyped as Birmingham (4 strains), Lordsdale (1), and Leeds (2). Two samples were not identifi ed.
Campylobacter sp. was isolated in 1 of 14 samples tested, and 3 of 8 samples were positive for rotavirus. Results of all other microbiologic tests were negative.
In the environmental survey, we evaluated the layout and condition of the water pipelines supplying drinking water and the groundwater collected from 2 wells; these wells supplied water to showers, laundry facilities, public toilets, and irrigation pipelines. Water samples were then tested for fecal or pathogen contamination. We used the fl uorescein test (13) to check for connections between systems conveying drinking water and non-drinking water within the resort. One hundred grams of sodium fl uorescein were added to the 100-m 3 tanks for non-drinking water (10 -3 g/L), and passage of colored water to the drinkingwater pipe system was monitored at 7 supply points by onthe-spot and laboratory spectrophotometric measurements. Eight activated carbon fl uorescence traps were positioned for 4 days; absorbed fl uorescein was then determined by spectrofl uorimetry. Table 2 shows the results of microbiologic tests conducted on the water samples. Results were assessed according to the reference limits established by Italian law for regulation of drinking water (14).
Noroviruses were present in the 3 non-drinking-water samples and 2 of 3 sea samples examined, identifi ed as either genotype Lordsdale or Leeds. The on-site fl uorescein test detected fl uorescein in 2 bungalows, and subsequent analysis of fl uorescence traps showed that fl uorescein was in a fountain supplied by the drinking-water system and in 2 other bungalows.
The environmental survey also included a study of the chemical pollution of groundwater wells near the resort and analyses of concentrations of ammonia, nitrites, and chloride by geographic distribution. Chloride, ammonia ( Figure  1) , and nitrite levels were statistically signifi cantly higher in wells near the seashore and mouth of the river than levels in the inner wells. The opposite trend was shown for nitrates, which showed a decreasing concentration gradient from inland toward the sea, likely because of the difference in primary activities from agriculture to industry and tourism.
We proposed several prevention measures to eliminate connections and leaks between non-drinking-water and drinking-water systems and to ensure maintenance of pipelines that were put in place during [2004] [2005] . In 2004, 120 cases were reported to health services and all were related to the holiday resort; the number of cases decreased to 1 in 2005 and to 0 in 2006.
Conclusions
Laboratory testing of stool samples from case-patients showed that norovirus, rotavirus, and Campylobacter spp. were possibly involved. However, the specifi c clinical signs, age of case-patients, and occurrence of secondary cases support our conclusion that norovirus was the most likely cause of the outbreak.
The rapid spread (approximately two thirds of casepatients had symptoms within 6 days after arrival) and the high rate of infection suggested a common source of infection, which caused the simultaneous exposure of a large number of resort guests. The twin peaks observed in the epidemic curve are likely related to guest turnover between July and August, when the lowest number of new cases was recorded. Persistence of the source probably caused the prolonged duration of the epidemics.
The case-control study identifi ed sea bathing and use of shared toilet and shower facilities in cabins as statistically signifi cant risk factors. Nygard et al. (15) have reported that use of shared shower facilities effi ciently spreads infection. The observed fecal contamination in the sea and in the well water used to supply showers supports our conclusions. Tests conducted on well-water samples showed coliforms, enterococci, and Salmonella togba, which suggested specifi c fecal contamination.
The correlation between infection and use of cabin toilet and shower facilities may partly be due to contamination of these areas by infected persons, a theory that is supported by the high frequency of family clusters of infection. Fecal contamination of drinking-water systems may have arisen through connections with the non-drinking-water system in the resort or because of damaged pipework; fl uorescein tracer was found in water from bungalow taps and drinking-water fountains.
The groundwater involved in contamination of both drinking-water and non-drinking-water systems was probably polluted by the river fl owing into the sea nearby and by seawater infi ltration; the concentration gradient of chemical indicators of organic pollution (ammonia) increased from the coast toward the inland area. All well water samples and 2 seawater samples were positive for norovirus. Because 2 of the 3 genotypes (Lordsdale and Leeds) found in patients were also identifi ed in these samples, we confi rmed massive environmental contamination with human stools and the possible etiologic role of norovirus in this outbreak. Why the Birmingham genotype (most common in patient samples) was not found in the environmental samples is not clear, although the differential stability of viral strains in water and variation in the environmental shedding of different strains with time are possible explanations. 
